Objective: To validate a Greek version of the structured self-reported 8-item Morisky Medication Adherence Scale (MMAS-8) and determine its psychometric properties in patients with chronic illnesses. Methods: A cross-sectional survey was conducted in a small public hospital and a public health care centre, in a rural town in western Greece. The sample consisted of 100 patients with various chronic illnesses. Data were collected between January-May 2011, on the Greek version of the MMAS-8 and Beliefs about Medicines Questionnaire (BMQ). Results: Scale's reliability analysis revealed an overall Cronbach's alpha of 0.753 and the corrected item to total correlations, were greater than 0.30 for each of the 8 items comprising the medication adherence scale, showing good internal consistency. Convergent validity was supported by a significant correlation between the present scale's total score and the BMQ-Specific Necessity score (Spearman's rho = 0.492, p < 0.001). Conclusion: The current study showed acceptable reliability and validity of the Greek version of the 8-item MMAS to measure adherence to medications for various chronic illnesses. The validated Greek version of the MMAS-8 can help towards understanding adherence barriers in Greece so as to develop effective strategies to increase adherence and reduce the costs.
Introduction
One of the most important issues in the medical treatment of chronic illnesses is patient adherence to medications. Adherence is the degree to which a person's behaviour coincides with medical advice [1] . Adherence to prescribed medicines is a way to improve one's health, assuming the prescription is appropriate and correct.
A growing body of literature on patient adherence has shown that a large proportion of patients are non-adherent ranging from as low as 6.3% to as high as 87% [2] - [6] .
In a recent report of the ABC (Ascertaining Barriers for Compliance) project in Europe, in a sample of 2630 hypertensive patients from 11 EU countries, which used the 4-item Morisky scale for primary outcome measure and the ΜΑRS scale for secondary outcome measure, 42% were found to be non-adherent to their medication regime while for 18% of them that was intentional [7] . It was also found that adherence rates varied considerably among countries, as 34% of hypertensive patients were non-adherent in Austria and 70% were non-adherent in Hungary [8] . In another study in Northern Ireland using the Reported Adherence to Medications scale (RAM), only 9.3% of hypertensive patients were found to be non adherent [9] .
In Greece, different studies with different methodologies to estimate adherence among hypertensive patients have shown conflicting results. A study using the 4-item MMAS has reported that 74% of hypertensive patients were adherent to their medications [10] . In another study [11] most of the participants (77.1%) reported they received their medication according to their physician's directions while statistically significant correlations were found between the mean systolic blood pressure values and compliance with drug treatment (r pb = −0.331, p < 0.01).
On the other hand, other researchers [12] measuring adherence based on a number of questions about regular use of medications, reported that only 15% of hypertensive patients were adherent.
This discrepancy in research evidence regarding medication adherence in Greece, needs further exploration because poor adherence has not only been related with poorer patient outcomes, illness complications, and higher morbidity [5] [12] but poor adherence can also cause direct and indirect increases in costs to the health care systems [14] .
Greece is currently experiencing severe fiscal problems and severe austerity measures are in effect, with the aim to reduce the public dept by reducing health expenditure among other measures [15] . In 2008, per capita spending for pharmaceutical products in Greece was the highest among European countries in 2008 amounting to 700 US dollars per person [15] . Thus, reducing expenses for pharmaceutical products is a major target for the Greek government. According to Karamanoli [16] , medical expenses were 5.2 billion euros in 2009 and were dropped to 1.65 billion euros in 2011 following the measures taken. However, as Vandoros and Stargardt [15] point out, those measures should not undermine quality of care for the Greek patients; instead there is a need to increase efficiency in medicines' use. A valid estimation of the problem of adherence in Greece is imperative for the development of effective strategies to improve adherence to medications as adherence is one way to improve efficiency of the medicines used. Also, understanding adherence barriers is necessary to determine strategies to improve medication adherence and achieve optimum outcomes.
Several factors have been linked with low compliance to prescribed medicines, with the main ones being the patient himself, the condition of the illness, the management of the disease, the socioeconomic status of the patient and health care system/health professionals factors [6] . In addition, according to the European report mentioned above, low perceived self-efficacy, high perceived barriers, cost related behaviour, adverse drug reactions and frequency of dosing, were the main factors associated with poor non-adherence [7] .
Even though a variety of methods are available to estimate adherence, patient related factors of adherence are the most frequently reported in the literature [6] . High tech instruments have been developed that can electronically record every opening of a tablet bottle but there are concerns about both the cost of them and the autonomy of patients regarding their decisions about their own health care [17] . Besides, as non-adherence is both intentional and unintentional, a single instrument or device cannot be effective when two different kinds of behaviour can affect adherence. Furthermore, those instruments may not be suitable in every patient situation [18] while there is no evidence on the cost effectiveness of such devices [19] .
Pharmacy fill data and biomarkers are other objective ways to estimate adherence, but more practical and easily available measurements of adherence are needed in the busy clinical settings. This is even more necessary for Greece where financial resources are very limited and an inexpensive measurement of adherence is mostly needed.
The most frequently used method to measure adherence is by self reported scales [18] [20] . Self reported instruments are convenient, inexpensive, easy to administer and effective [18] .
The most frequently used self-reported questionnaire, is the Morisky Medication Adherence Scale (MMAS) and recently a new 8-item MMAS has been established in patients with hypertension [21] - [23] . The 8-item MMAS has been validated for use in several countries with several groups of patients and has been found to be a valid and reliable scale to measure adherence in hypertensive, diabetic, osteoporosis, epilepsy, myocardial infarction and patients taking warfarin [14] [18] [20] [24]- [32] .
The wide usage of the scale in the international literature triggered our interest to translate and validate the 8-item MMAS in Greece, in patients with various chronic disorders. Thus the aim of this study was to validate a Greek translation of the structured self-report 8-item Morisky Medication Adherence Scale (MMAS-8) and determine its psychometric properties in patients with chronic illnesses. In addition, to measure adherence and explore sociodemographic factors that influence adherence.
Methods

Sample and Design
A cross sectional survey was conducted in a public General Hospital with approximately 13,000 patient admissions per year and a public health care centre in a rural town in western Greece. The town has nearly 95,000 inhabitants while the hospital has 150 beds. Sampling was based on convenience, involving any chronically ill patient who was attending a nephrology and internal medicine outpatient clinics of the hospital and the health care centre to obtain their monthly reimbursable medical prescriptions. It is important to mention that in this setting we were unable to differentiate the patients according to their health condition. In Greece, patients may visit a medical practitioner privately for a special condition but usually those doctors are not contracted with every social insurance fund and cannot issue reimbursable medical prescriptions. As a result, patients must attend the public hospital or health centres where doctors are allowed to issue reimbursable medical prescriptions for most of the medicines for almost every social insurance fund. For this reason, our sample consisted of patients with multiple chronic conditions. Furthermore, as the patients usually visit the clinic just to renew their prescription, doctors do not keep medical records for all patients so, all information about the health condition and medications for those patients, were collected from the patients themselves.
To avoid the social desirability bias, all data were collected by a junior doctor doing a clinical rotation in primary care medicine, while the doctors of those primary care clinics had no access to the data. The patients preferred the questions to be read to them by the researcher, therefore all data were collected on a person to person structured interview.
Data Collection
Data were collected between January-May 2011, on the Greek version of MMAS-8, on Beliefs about Medicines Questionnaire (BMQ) and a questionnaire with various sociodemographic and illness related data.
Every adult patient attending the clinics was approached, was explained the purpose of the research and was asked to participate after the end of the visit to the doctor. Inclusion criteria for the patients were to be able to speak Greek and have at least one chronic disease treated with medications for a year or more. Sociodemographic data included age, gender, educational level, marital status, income, social security coverage fund, kind of disease, duration of disease, number of medications etc.
An adequate sample size was estimated to be 80 patients for this reliability and validity study. The justification for the sample size was based on the recommendation by Hutcheson and Sofroniou [33] that size should be ten times the number of the items of the questionnaire. We aimed to double this size to increase the accuracy of the validation outcomes. However, approximately more than half of the patients approached, declined to participate, citing reasons such as lack of time and unwillingness. A total of 100 questionnaires were completed which was sufficient to detect a moderate difference in adherence with a type 1 error at 0.05 and a power of .80, a number considered to be adequate for the purposes of this study.
The 8-Item MMAS
This self-report scale consists of 7 items answered with a yes or no and 1 item with a 5-point Likert scale. The scores of the MMAS-8 range from 0 to 8. A score below 6 indicates low adherence, a score between 6 < 8 medium adherence and a score of 8 high adherence. The 8-item MMAS has established a second level criterion related validity, following comparisons with pharmacy fill rates [22] [26] .
In addition, the 8-MMAS scores have been found to be significantly related with physiological effects such as hypertension control and HbA1c levels [14] [24] [25] [27] However, using the HbA1c levels and hypertension control as a gold standard, the criterion related validity was found to be poor to moderate [14] [24] [27].
Beliefs about Medicines Questionnaire (BMQ)
The beliefs about medicines questionnaire (BMQ) was developed by Horne, Weinman and Hankins in 1999. The BMQ scale is consisted of two sections: The BMQ-Specific, which concerns prescribed medications and the BMQ-General which concerns beliefs about medicines in general. The BMQ-Specific is consisted of 5 items assessing beliefs about the necessity of prescribed medication (Specific-Necessity) and 5 items assessing concerns about prescribed medication (Specific-Concerns). The BMQ-General is consisted of two 4 items subscales which concerns beliefs that medicines are harmful, (General-Harm) and concerns that medicines are overused by doctors (General-Overuse) [34] [36].
Patient's beliefs about their medications is one factor that is strongly related with adherence [1] [34] [35] . Two areas of medication beliefs are considered to be the most important factors affecting adherence. This is the beliefs about the necessity of their medications and the concerns about the negative consequences of their medications [36] . Higher scores on each area indicate stronger beliefs about either the necessity domain of their medications or the concerns domain for their medications.
Translation and Cross-Cultural Adaptation of MMAS-8
A standard translation and back translation procedure was undertaken. Two qualified independent translators performed a forward translation of the original MMAS-8 into Greek, without any mutual consultation. A consensus meeting between the researchers (nurses and medical doctors) established the cross cultural adaptation of the instrument. A third translator performed a reverse translation from Greek into English. Then, the original and the back translated versions were evaluated in another consensus meeting between the researchers in which any variations were resolved and the final Greek version of the MMAS-8 was established.
The translated version of this paper was compared with the one produced by the MAPI institute; it was found equivalent and was approved by the owner of the scale.
The final Greek version of the MMAS-8 was tested on 10 patients and no problems were identified in understanding the questions. Those 10 questionnaires were not included in this study.
Ethics
An ethical approval was given by the appropriate scientific committee of the clinical settings. The study procedures were described to participants, consent was obtained and they were interviewed on location. All patients were assured that their responses would be confidential and that they could withdraw from the study at any time they wished, without any consequences.
Statistical Analyses
We used exploratory factor analysis with SPSS v.19.0 in order to examine the scale's reliability in the present population. Construct validity, which is the measure of how well a scale is actually measuring the construct or concept it is supposed to measure, is provided by evidence of convergent and divergent validity. The former, since the present scale did not identify any subscales, can be calculated by multi-item analysis which reveals the same results with the corrected item to total correlations, depicted in Table 3 . Except for item "Did you take your medications yesterday?" that yielded a value of 0.391, all remaining items are above the 0.4 threshold which is considered adequate for this analysis [37] . Convergent validity was examined with Spearman correlation calculations between the scores of the MMAS-8 and the scores of the domains of necessity and concerns of the BMQ-Specific. Divergent validity could not be established, since, participants weren't asked to fill in any other scale measuring a different construct/concept.
Mann-Whitney and Kruskal-Wallis tests were conducted to evaluate the possible associations between various sociodemographic factors with medication adherence which are presented in the results of the study. Table 1 depicts the sociodemographic characteristics of the participants in the present study. The mean age of participants was 63.79 years (SD = 14.89 years). 51% (n = 51) were female, 65.7% (n = 65) were married, 45.7% (n = 43) had three children, and 53.1% (n = 52) had finished primary school, 67.3% (n = 66) of the sample reported under €16,000 yearly income. Table 1 . Sociodemographic characteristics of the participants.
Results
Sample Characteristics
Mean (SD)
Number ( Patients had complex chronic illnesses, with 80 % (n = 80) having more than two co-morbidities. More specifically, 20% (n = 20) had only one chronic condition, 28% (n = 28) had 2 chronic conditions, 37% (n = 37) 3 conditions, 13% (n = 13) 4 conditions and 2% (n = 2)5 conditions. Hypertension was the most common condition with 79% (n = 79), followed by diabetes 36% (n = 36), coronary heart disease 18% (n = 18), dyslipidaemia 18% (n = 18), and osteoporosis 15% (n = 15), while 21% (n = 21) had chronic renal failure requiring dialysis and 7% (n = 7) had renal failure not requiring dialysis.
More than 90% (n = 90) of the patients were on more than 3 different medications a day. The mean score for the medication adherence scale was 4.216 (standard deviation = 2.05).
Validity and Reliability
Initial analysis of data showed that there wasn't any significant multicollinearity (determinant of correlation matrix = 0.067). The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.724 which, according to Hutcheson and Sofroniou [33] it is a good figure. Also, for these data, Bartlett's test of sphericity was highly significant (p < 0.0001), indicating the appropriateness of factor analysis. Exploratory factor analysis revealed that the eight-item scale was unidimensional and the items loaded well on a single factor ( Table 2 ). Scale's reliability analysis revealed an overall Cronbach's alpha of 0.753. The corrected item to total correlations, were greater than 0.30 for each of the 8 items comprising the medication adherence scale, showing good internal consistency ( Table 3) .
Convergent validity was supported by a significant correlation between the MMAS-8 total score and the BMQ-Specific Necessity score (Spearman's rho = 0.492, p < 0.001). 
MMAS-8 and Other Risk Factors
It was found that age was related to the overall score (r s = −0.421, p < 0.001), indicating that younger people were more likely to adhere to medication regimen. Gender didn't seem to influence adherence (Mann-Whitney U = 861.5, non significant, r = −0.19). Kruskal-Wallis tests were also performed for categorical variables, followed by post hoc Mann-Whitney tests using Bonferroni correction. It was found that there were differences between various groups of participants according to marital status (H = 12.327, p = 0.006), number of children (H = 9.184, p = 0.05), level of education (H = 12.092, p = 0.007), and insurance coverage (H = 11.243, p = 0.01), but not according to income (H = 9.221, p = 0.101). Further, it was noted that married participants had higher adherence scores versus widowers (U = 373.5, p = 0.009, r = −0.29), people who didn't have any children also had higher adherence scores versus participants with 3 or more children (U = 45.00, p = 0.0011, r = −0.365 and U = 10.00, p = 0.001, r = −0.60, respectively), primary school graduates scored less than higher education graduates (U = 166.500, p < 0.001, r = 0.423) and participants who were insured by Agricultural Insurance Organization (OGA) had lower adherence score, compared to people insured by Welfare Organization of Public Servants (OPAD) (U = 146.00, p = 0.009, r = 0.325). Representation of relevant data is shown as boxplots in Figures 1-4 . 
Adherence Rates
According to Morisky et al. (2008) , there are three categories of adherent patients: high adherence patients with a score of 8 on the scale, medium adherers with a score of 6 to < 8, and low adherers with a score of <6. According to these cutpoints, the present study population included 72% low adherers, 25.80% medium adherers, and 2.2% high adherers.
Discussion and Conclusion
Discussion
The aim of this study was to test the psychometric properties of the Greek version of the MMAS-8 in a sample of patients with various chronic illnesses in rural Greece. To the best of our knowledge, the 8-item MMAS has not been used in Greece before. Recently the 8-item MMAS has been validated in many languages across the world. However, all studies validated the scale with patients with a single chronic condition. No previous studies have validated the MMAS-8 in patients with multiple chronic conditions. The original MMAS-8 study had achieved internal consistency reliability α = 0.83 [21] . The current study showed satisfactory Cronbach's alpha of 0.753. All items had item to total correlations greater than 0.30.
Prior published reports on validating the MMAS-8 have reported internal consistency reliability with Cronbach's alpha between 0.54 and 0.79 [20] [27] . Furthermore a validation study with osteoporosis women has reported a Cronbach's alpha of 0.82 [26] , while in patients with epilepsy Cronbach's alpha was 0.556 [30] and in patients with myocardial infarction Cronbach's alpha was 0.77 [31] .
In relation to construct validity, in our study the scale was unidimensional as all items loaded well on a single factor which was also the case in the original study. This is similar with the studies with hypertensive patients in France and Turkey [20] [32] and on osteoporosis patients in USA [26] and the original validation study of Morisky et al. [21] .
However in the studies with type 2 diabetic patients in Thailand and Korea [24] [27] and hypertensive patients in Korea [28] the scale appeared to be 3-dimensional with the dimensions being "forgetting, stopping (intention) and difficulties/barriers".
Our sample showed intentional non adherence as the study population reported that taking their medication is a hassle for them. A total of 97% of low adherers feel that it's an inconvenience having to adhere to an intake plan of their pills while 77.6% choose not to take them and 79.1% forget to take them. In the same way 95.8% of medium adherers feel that it's a trouble having to adhere to an intake plan of their pills, 4.2% choose not to take them and no one forgets to take them. So, in both medium and low adherers (according to Morisky subscales) the most prevalent answer was that they feel that it's a hassle having to adhere to an intake plan of their pills.
In the current study it was not possible to perform test-retest reliability because our sample had a strong willingness to retain anonymity as in rural Greece, research is not common and people tend to mistrust the intentions of researchers. As a result, no contact details were recorded. However several studies conducted in order to validate the 8-item MMAS [27] - [30] have all shown excellent test retest reliability scores.
Convergent validity was supported by a significant correlation between the MMAS-8 total score and the BMQ-Specific Necessity score (Spearman's rho = 0.492, p < 0.001). In this study with patients with multiple chronic conditions and on many medications it was expected that the lowest their score on the necessity domain of their beliefs about their medications, the lowest would be their self reported adherence, a finding which is in agreement with the findings of other research [26] [38] .
Analysis of risk factors for non-adherence revealed that age was related to adherence with younger patients being more adherent. This is in contrast to other findings elsewhere [14] [20] [24] [39] . However, this might be explained as in our study the older the patients were, the more probable to have multiple chronic conditions and be on a higher number of medications thus reducing adherence as other research in Greece has shown [40] . In addition older age and multiple conditions such as cardiac failure and renal failure usually goes with higher cognitive impairment which is also known to affect adherence [41] [42] .
Married people were more adherent than single, which has to do with the social support they receive in a home environment which is in accordance with other findings [9] [43] [39] .
Those without children were more adherent than those having 3 or more children probably due to more responsibilities and expenses. Those with low educational level were less adherent than those having a higher educational level, which was also shown in other studies [14] while farmers were less adherent than public servants. This may be linked with their heavy workload and requirements of the farms as well as differences in educational levels.
Low adherence in our study could be attributed to the high percentage of illiterate patients, and the multiple chronic conditions including renal failure and cardiac problems which affect cognitive condition. The low levels of literacy could affect the understanding and comprehension of the survey questions and for that reason the questionnaires were completed with face to face interviews to make sure questions were fully understood.
However the very low percentage of adherent patients in this group is very alarming as other researchers have reported that patients tend to overestimate their degree of adherence on self reported instruments [28] .
The current study has several limitations. The findings of this study should be interpreted with caution, since it was conducted with a relatively small sample (n = 100), in only one region of Greece and in patients with relatively low income and educational level, possibly rendering the sample not representative of other patients from different socioeconomic or educational backgrounds. Low education level may hinder patient knowledge regarding the likelihood of non adherence to medical regimen. Other limitations are that we did not perform test re-test reliability test for the reasons mentioned above. We considered it more important to get an unbiased indication of adherence rather than risk a social desirability response on MMAS-8. Besides, in every study in every setting, test retest reliability of the MMAS-8 has been found to be excellent. We were also unable to test known group validity with HbA1c levels or with blood pressure control, due to comorbidity of our sample and lack of electronic medical records, which would made it impossible to compare present with previous measure-ments.
Another limitation of the study is the lack of comparison between adherence scores and other direct objective ways such as electronic monitoring or pharmacy fill data.
Finally the demographic factors related to adherence should be considered carefully as this was a small scale validation study and further studies are needed. External validity should also be considered with caution as our sample was a self-selected convenience one which limits generalizability.
Conclusion
The current study showed acceptable reliability and validity of the Greek version of the 8-item MMAS to measure adherence to medications for various chronic illnesses. Adherence to medications regimen in Greece appears to be extremely low, thus contributing to increased costs and waste of financial resources. The availability of a brief, easy to administer and valid self reporting adherence scale may provide Greek clinicians the ways to understand non-adherence and furthermore plan appropriate strategies towards appropriate use of medicines thus reducing the costs from the improper use of them. It is strongly recommended that further research on adherence to medications needs to be done in Greece
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